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AHsTRACT 
Skm rihrobla,_t,.. !rom normal runtrol ,..uhjl't·t,., nne! ""hJN h 11ith -.demdt•rm.t llt'rt> 
compared lor 1-(WIIth characteristiC", in ndturc. Optimal grm1th lor the ,.,deroderma 
fihrohl,t,.,t,.., unlike that lor controb. 11a~ oh,.,enl'd to Ill' dt•pendcnt on elt·lated lc1el:-of fetal 
c·alf st'rum. Culturmg sclemderma tihrohla"t" in Eaglt;, minimal e ... -.ential medium t\1E\Il 
supplt•mented wllh [()", fetal calf ,..erurn resultrd in: !alan tnneas£>d populatton-dnublmg 
ttml' O\l'r <'ontrol. tbl a tailure to auain contaet-inhihnc·d cunt1uenre. and((') an altered C'ell 
morphology. Both eh~1ated le1eb of serum and Ham's Fl2 nutrient mrxture sucrt',.,slullh 
resturNinormal C'ontrol culture j!l'll\\th characteri,.,tir,.. to th£' sdt•rnderma culture,... 
Scleroderma is .1 rhronic. acqUired di~nrder of 
connecll\ e t i,.,..ut• characterized b~· a progres"" e 
deposition of collagen in thl' ,..kin and \Hriou" 
internal organ,. l'h(' etiolog,· of thi,.. di,..nrdl.'r n•-
mam;. unknown 'lerially cultured human eel[, 
!rom 1 "'"ue" nt patients have greath· 1m prO\ ed our 
undef"tanding of 1 he pat hogene,rs ot :-uch di::.ea,..es 
a;. the Hurlt•r "yndrurne [ 1.~]. galat·to,.emta [:l ]. 
and ucta)a,..ia [·I]. H <l\\l'ver. "imilar ;.tudie:- on 
acqUired drsorder .. :-urh a" ... cteroderma ha ' £> only 
recenth been undertuk£>n [i; [. 
The nat un· of the detect re,.,pon,..rble tor the 
exten,_,t,·e frhrosis a,.socrated "rt h ,..c[l.'roderma re 
main" an enigma. -.u r roundt•d by contro,·ersv. A 
recent ,.., udy has "ho11 n that the deposit ron ol 
collagen 111 the -.kin take-. plate primarilv 111 the 
adipo;;t• t i,..sut• [li I Hnwewr. collagen bios\"11th£>sts. 
both in 'in1und in 'itro. ts known tn be the major 
function of the fthrohla»t dunng mammahan de-
' elopm£>nt and clillt•r£•nt rat wn [1-!l ]. Thert·lore. 
fibrnbla"t" an.> likt•ly t'andidatr, lor studi£>-. de-
signed to define .1 po,.;.ihle metabolic delN'I 
associat£>d with ... t'l(•rodrrma. 
In thi:- inn.>stigation, fihrohla:-t celllme-. dNi1ed 
trmn skin hiop,.,it: .. of patient.., with ,deroderma 
and normalrontrol ,..uh]l'rh were e ... tahlished. The 
re ... ult-. ot t'om1Mrati1e f.!nmth ,.,tudie" are dj..,. 
cu;.,pd 
\lA I ~.HI AI." "11 \1 ~: 11101>" 
Cl'il wltur!' tel'hntqw· Four mrllrmet~r punch biop 
,.,tes ol .. kin lrom normal unci .. cterodermn pattenh IH•re 
washed Ill !lank,..· halantecf .. ail solution cnntllrnrng 
\11 anusnipt rt•n·rlt'd Onuh~r :!l}. 1~r;:1. in revi .. ('d form 
Fehru<~rl' II. IH71; :tt-rc>ptt'd lor puhikutiun.Julv I, 197~ 
Thrs tn,·<',tiJ!'llllon \\,h ,upportt>d rn part h;· Rt',.,E'arrh 
Grant A~1 t;:i90 ancf Trarnrn~ (;rilnt A~l ().')6~:! trnm lhP 
'\auonal Jn,.,trtul!' ul Anhnll~ :\lt•l!lhnlr~m. and IJIJ!I.'" 
I i\ (' !Ji,ca'l'" 
Fr<•m thl· D11 '"'"11 ol Derm.nnlnl!). Depart mcnt nl 
~l l'dH·uw. Hahncrnann \ l l'cfll'lll ('nllt>gl' ancl Hu .. pnal . 
Philadelphra. l'enn .. vh u111.1 19111:! 
t Prc .. cm <iddrc,~· Di' 1~1011 ol Radrnhrnlnjr\ and Br•• -
phvstl~. l>l'partr t·nt ot Pedntnl·, and Rncholo)!y. l 'nt· 
,·er-.11\ of \ rrgrnr.t -.;,·hnol of \lcdrllne. ('harlott~\llll'. 
\ irginra :!:!flO I, 
pcnrnllrn . ..,, reptnmn·in. ancl mn·o~tatin at t·nm·Pntra -
tinns nl i)() l ' mi. .ill lll!·nll, and 2!i l'/ml rt'~(ll.'l'tlll'h. 
~mall. tull -thicknt' .. s ,trees t:l mm'l cut I rum the nn"rnal 
binp~wct tl'o~ue were allal'hE>d to the botlnm nl u .1.; IU 
mm phhllt'i't·trr cfi .. h (Fulcnn Plasltl· ... lnc. Lo,._o\n~:l'lc ... 
Calitornral b\ the l'hKken p)a,ma and chick cmlmu dot 
tcthnrque 110). Thrc·e milliluer.- nl Ea~:le'~ mimmul 
l'..-ential ml.'dium r:\IE\11 '''ith Earle', ... alt ... Cultur· 
STAT, Bro-quest Lahnratoric'. Cockey~' ilit.', ~laryi.llldl 
'uppl~mentcd wnh euher !U nr 'lll leta! lalt serum 
tFCS! wNe added lCI the explant. The Pxplant,., wen· 
im·ubutecf 111 .m 111 mnspht>re nl ii CO, in arr .11 :l7° 
O •• j•(' tnr ;i cfuy' prror 10 exumrnallnn. ThPrPaftt'r. duill' 
nhsen uttulh ancf m!!drum l'hangl's were made en•n. :!ref 
da\' ancf \\l'rl' cnntmued lnr an inter~af ol 1.-, elm· ... 
Prtm(lrv l'Ulturc·" wPre exposed to :.LY tryp .. m I I ::l~•O. 
Gihco. (;rund bland. '~w Ynrkl lor I min and drlut!'cf 
1\lth Eaglt· ~ !\-I E:\1 110', FC::;l to O.:!:i . CPlls were 
remnn•d and "'l'l'cll'd rnto pla~tl(' prescripti••n hntlle' 
O:aknn Pla~llt's, Inc. [.u ... Angeles. Cahlornral ar 11 frn.tl 
nmrentration nl ,'i Ill' <"ell' p~r ml Stock nthures 1\t•re 
nHmllorNI with a phu~e mrrr<"l'"P~' and pt•nodt\alh 
IE',Ied tnr m~t·nplasmt\ nmwmrnatit•n ~llh rnHopfa•nll<' 
snet.:ning broth and agar. 
Um11 th artd mvrplwlv~\ of normal and sclemd•·rma 
{thmh/n.,h. Fiw <'Ontrnl and ; sdt'rt><lerma frhrnhl.r~t 
rultun•, dPri~t•cl trorn mdi1iclual patwnts, 1\t.:re m<ltchPd 
tnr pa .. ~<IJ(l' numht·r t-.uhnrhure H. •lie ut brnp'"· .. f'x and 
age nl thl' patit'nl. and triJNnized and sPI'dt:d ill .1 
com·<•nt r1111on ul F. 111° l"l'll' pPr J(lO-mm rult ure drsh . 
Growth \\il" m<•a .. urecf hv serwl ~amphngs over a 16-da\ 
interval ancf trrplil'.tll' l·ell counts wl'rt' made \\llh a LPI\ 
tl'hraplam•l t·nunting rhamher. Standard <•rrnr ot the 
mt•un wus rakuhllt'd for I?U\ h point and the rondnions nt 
J(nmrh pxprl'sst>d graphll'all~· a~ tell numht>r'clrsh ltl • 
per unn tune rn cfavs Dnublrng time was t·okulated I rum 
the rw1 result ut l'<lrh of the ii rnntrvl and PXJll.'rtml'ntal 
nrlturt's ht•t\\I!Cil the ~th ancf r;th da1~ nl rmuhutlun. Tlw 
loll! I\\ rng formula" "l'rl' w,ed 
log :\ 1 lnJ( ,.:.! 
"herl' :\ 0 '" th<' numlwr nt cell~ h•und iniuall\ and ~, '" 
till' munlwr nh11111ll'd nt a ""h'l'lfUt'llt tim<' llw popnl.t 
tinn cluuhhnl! tl'DI timP wu• cfl'tt.:rmtm·d Ill 
I'D hrol grn\\lh nn.ol dtli'olons 
Cultur!•s \\ere .11'" J:W\11\ 111 Ham·, Fl:l nutrrcnt 
mrxr ure I Biu-Qul· .. t Lahoratnrrcs. ( 'ol kt•\ ''tilt'. \ !an· 
Iandi rtnd E ll!h•', \IE:\1 '' Hh ell·\ a red FC" It'\ d, und 111 
l:ifi 
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t·;u:h t'<l'l' plat mg t•lluwnn. t'ollllut·n<·t>. and I'D 1 i m£> 
"ert' U>ed Hs paramt'lrr' for mnnitonn;: t•han!(e' in 
,:rnwth 
C'nvt'r>h p t'uhure, 1\!'re prepan·d lrom eot·h nl the 
mntt·ht·ci ('orllrnl anci 'derudt>rma lihrnhla,;ts . The t'o\·er-
!'lip, \ll:rl' rt-rnnHd !rom the m!'ciium. \\ashed in saline, 
IJ~ed With .tiNIIUI!' ,tfc:ohol : glal'lal oKl'llt' Ul' td :1: I, \ \, 
and -.tauwd \\tth ht•mutm .. vlm !'lhlll lor mkro•n•piC oh-
-.enatwn. 
I!Fsl t.rs 
E.,tnhlt.,hmt ·nt nf c ulturP.,, Fihrohlast mi:,:rat inn 
lrom <·ontroltis,..ut• explant" Ot'l'llrred afll•r a() to 
R day uwuhatinn 111 Eagle's \I E\1 "UPJJit•mented 
wtt h rtt lwr 10 or ;lo' FCS. P rtor to the appC'<tronee 
ol lthrohln,ts. ep11lwhal hke t'rlls werr ohsened. 
H1· thr l:!th to l.ith Oil\' of itll'uhation. tht• fihro-
hia,t populatton hud m ergrown an\ remnant of 
epithelial -like t't·lb: thts resuhecl 1n mnllut·nt 
monola\·er, lac king O\'l•rln PJlllll! filCi ~ r onolm er, 
\\ere 1r1 p,;in11ed and ,erialh propa,..,uecl to e,tah -
lish n£'\\ t' l'll line-. of '-ktn lihrohlasl'-. Skm tihro-
hlast rulturt>-. !rom inn•h eel t ''"lll' ul ,dt'roderrna 
put il:'nts 11 ert• :-.erum dependent. At FCS It•\ <•Is of 
10' m·ith!'r cpitlwlial -like rl'lb nor fihrohJa,b 
wl're uh>oern•d o1·t·r a l ~• · day rult uring tnterl'al 
\\'hen ,erurn len·b were elr\ lllcd to :lO' . fihro -
hlast!'l mi~ratl'd out of thr explant 1\ithin a !(}.to 
Iii da~ intl'nal, and attained ronl1uence alter ;!() to 
a:, da\' ... in l'Ulturt•, Frngml'llls of the ori)!inal 
hiop;.ir-.. t·ontaining tut prm Ni to he tht• most 
<·on."i"t<lnl >oouru• ol fihrohl,t,..l <' uh ure». ('t'ilul.tr 
outgro\\thswereoh»l'n·ed initialll'trom mo,t ol the 
ti~~U(' fragml'nts ci£'\'Oid of fat. l(owe\·er. nOJH' of 
these fragment» elcntu.llly gaq• rt»e to primary 
monolm er-.. ol rei!, Eagle 111.121 hus disl'U,,<•cl the 
ellect ol population ..,izl' on t'l'll grcm 1 h . It i ... 
possihk that the ,mall numllt'r ol migrating ct•lls 
grew slowly and 1 he retort' munolaver,.. \\t•r<' not 
obsen·l·d Fibroh(a,h deril'ed lrom nonml'oln•d 
area.., ol »rlerodt•rnHI patient-. n·-..l'mhlNI ront rol 
culture"; thl' cl'll, migraterl lmm the l'xplant 
within the fir,t 6 to 8 day:. in culturl' and nltained 
contlut'IH't' ufter an intrn·al of I~ In l.i dn\'-.. , 
Sderodt•rnHt lihrohlash. gnm n in Eaglt.'., ~lE:\1 
I 10' F('O..,) dtftered morpholo:.:irally from rontrol 
fihrohla ... t s. In cult ur<•. ront rol fibroblast:. \\ere 
rharartt•ri ... tt<' spindle-,hapeci ('(•lis 1dth largl' nu-
clei and \\l'll delint•cl nudeoli . Sr!eroderma fihro-
blash in rult urr appearrd longer. 11 it h rxtended 
nxon-ltkt• hl ,unentous projections rnclinting from a 
scant\ < \toplasm tFig, , 1.:21. 
Gro11 th <1/ fibruh/n.,t.- in n dtun ~igtllficant 
d it fer!'IH'e" wert• not eel ht•t wN.'!l t·nnt rol and »dt'm-
derma l'ltlt<Jreo., '' hl•n F:agle" \ 1 E\1 supplt·mt•nted 
with I 0'' FC~ \\as used to support growth ,\ :!.da\' 
lag pha..,t• lol!.m 111g seeding of hot h control and 
sderoderma t·ultun• ... pr('('t•dt·d the inuiation of 
l'Xponrntial !(row th t Fi~-t :1 1. Durin~-( 1 he :-;uiN•qut•nt 
1-do\ intt'rval,, 1 hl• crll nurnb<•r inrontrol culturr" 
increasNI sharp!~· . demonstrllting a rnptd prolifera -
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Fu .. I . ('ontrnll hmhta~blidal~llflt•r,t·edin,::; Ill ' 
n·ll~ 111 Eagle', :\IE:\1 'liPJllt•rnPnit•d with 10 letnl tall 




Ft<. 1 Sl'll'rnderma tlhrohl;hl' li da'" alter -eeditll! :. 
10' cell' m E.tgle' , :\IE:\1 -..upplernC'nlt'd with 10 h•llll 
c,tll 'l'rum 1 :1:!1. 
F'u .. :1. Tht• )!To\\ th ol l'Orll rol mul 'd<.-rodt!rma hhro -
hJn,l~ in Ea~:ll' ', :\I F.\1. 1 I, 'dl'rodt·rrna Jihrohl.hl., 
'l't·clt·ci 11 1 ;, 111• cell, p!'r platl'. •- I, nmtrnl hhru 
hfa,ts -t·edNt at •• 10 t'<·ll, pt!r platP 
duy .. after ,.,t•t•ding rTah. J T lw PD tunr calrulatl•d 
lor <·ontrol rulture:-. \l<h :!."1 .. I hr In t'otllr·l,l. the 
proliferat i1 c• pha»c nl ,dt•roderma f 1 hrobhst ntl -
turt'" wa:- !'\ll'ncieci liB hr bevond l'lllltrol culwn· .... 
rr»ulting in a P D tinw of Ill ± i1 hr Stallonurv 
growth clCcurrl'd li cia\' ... altl'r that ob,ened for 
458 rifF .JOl H:\.\1. <H 1'\\ ~~I J(, \II\~. DEH\1 \TOI ()(,\ 
I ·\BLE 
C!routh chnrnc /t'rr,frc.' 11( nurmnl and -'rlaodc·rma (rbmh/o.,t.' 111 I'Uitur• 
1 l>upul ,111un clctuhlm~ 111111' J St,I(HIIlHn T :--.tut~nn.lt\'" S~t·chng T 1•opulnt 1un '"'' <'uhun· J~>pllfilt 1<111 trt'if ( 'ullur l'u ltur ln·ll numlwr (lll)lllillll<lll ntunhlr Ill I "TAT~ S'l \l6. Fl!! 1111 tluru ..... 111 cl.t\ .. 1 lit Fe 'S .Ill H '~ 
+ 
C'ontrol .-,.u •r 
-·' t I :.!:1 .I :~.; :1 :1 111 'j 
~dt·rodc·rma .-.. o Ill I .-, l •)•) ., -- t - :11 I .?:1.0 !.l 
Ht•pre-.c·nt- a\t>ragt> pupulatcon douhhng ti}lll' lor ncltun·- cJt.n,ed lrum ti--m· ol .-, palil'nt.,, 
~llf nclturc·~ gro\\n 111 CulturS'l \'I .. upplt>mc:ntc:d \\Jth ttl' Fl 'S. 
t·ontrolculturt>s (Fig . :1. Tnh l. :\1tcroscopic exami-
natton reH•n lecl that unltkr the rnntrol cultures. 
cessat 1011 ol scleroderma f1hrohlnst prolifNat ton 
was not asso('iatt-d With ronwn 1nhihit ion Fur 
tlwrmort• , 1 he stattonnr\' :-cll•roderma cell popula 
tum \\ils approxim.ltel\' ().Qr, that of the ,talionary 
com rol culture. 
Tht> resulh olcomparatiw gnll\th :,tudtes lw -
tween control and scleroclt>rma fihrohlast culturt's 
in Eagle's l\ IE.\1 tsuppll'ml'ntNI \lith eit lwr Ill or 
:!0', F('SJ or Ham's Fl:! nutrirnt mixture art> 
shm' n in Fij::ure I. F.IC'\ at ion uf the sl'rum t•nnn•n 
trution to :10 ' or thl• u:..e ol Fl:! ml'cltum had littlt• 
eftet·t on thl' l{TO\\lh paramt'tl•rs of runtrol fibro -
blast c·ulture:.. !F1g 1.:\) In contrast. grcmth of 
scleroderma librohlasts tn medium "tt h ele\atNI 
]e,elsof FCS or in Fl:! nwdium was nmsislent with 
that oh-.C'n'l'd lor t•nntrnl tulture ... tFif{. IH) . PD 
I i mi.'s calculated I rom the gnm 1 h nl sdNodl'rma 
fibroblasts in culture appront"hcd t host' found lor 
controll'ultures. Furthermort• tt su!{gestc•d that thl' 
sderocll•rnul f'ihrohlasts ma\ have· metaholil' n· -
quirt>ml•nt s in culturt> \\htl'h dilfl•r from lhnsl' of 
normal skin fibrobla ... t . \-11t roscopic oh,enation 
rl'\C'!IIl'd 1hat elenuccl levl.'ls of FC'S and Fl:! 
ml'cltum restored a normal nwrphulog\ as \1 ell a" 
ront.tc·t inhibited stuttonnr:- pha;.l• to tht• sdero-
d(•rma l'Uiturrs. 
nts('t ssH>:-o. 
l lumnn dtploid l'ells in c·ult un• rarely n•-.t•mhlr 
tlw t hnrat'tt'rtsl cc· C'ell of their I issue of origin 
P:l l.il \.evt>rtht>ll.',..s. tlw ltssUI.'.., of patients wllh 
mheriu•d biochemical d i ... orcll•r,. st'f\'l' a» a soun·c· of 
gt•n('llt al h marked cell strains. E' idcntl' no\\ 
exists 1 hat speciftr prolt•lns llrl' rapahll' of "en tng 
as marker-. of altered pht•rwl \ ptl' expn•ssion 111 
nrlturwl c·t•lls originall) cll'rhc·cl from patit•nts \lith 
knm\ n inherited hiochemic·al disorder.; ( unpuh 
lislwcl dntal . It t-. poss1hlc·. tht•n·flm•. that s1mtlar 
proll'lth nll.l) exi-.1 111 tlw r('sidt•ntrl'll population of 
t i-.sul' ol known acquired disordl.'r.;, 
LcHO\ 1-'i I has repnrtt>cl clr\ at ion in hot h soluhll' 
collagt•n and ghtoprott'111 1n c·ulture~ of -.dero 
dt•rma f'ihrohlash. \\"hilt• the• -.,wnfic regulator. 
l'\t'llls ol collagt>n bios\ nthc•-.1s ha\e ~<'l to hr 
('ompl<>tclv dl'lincd. thl' work of LeHo\ and other 
in\'<'st i}.!at ions rarrtl'd out in \ t\O I Hi IR J suggl'sl s 
1 hat 111l' fihrohlnst t mm ,..dl'roderma ma' pnssibh· 
II 
Fu. I. The l'll('(·t ot l'Uitun• medium on th<' gnm th nt 
>-kin fchrnhla st,, A. C'ontrnl skin !Jhruhl<hts, R , 
sdtroderma skill fihrohlas\.-. Solrd cm·/c,, Ham's Fl:.! 
nutrcc:nt mixturE': open cmlc,, Eagl1.>, \lf-::\1 'upple 
m<'ntNI ••;ith :m• ft>tal c·alt serum; rlr>.,cd trran~/c.,, 
Eagl<''s MEM »uppft•mcnted with IOCr l~talc·ull serum. 
he a phenol\ pte all~ marked cell. \\'c• han· ohser. t•d 
th;tt lhe growth hl·hm·ior of the ,..dcrodl'rrna fibro 
blast may al-.o rl.'prt•sent abnormal metaholtl· a<-
thity, althou}.!h an\ attempt to spc•culate as to the 
nat url' of thE' clhnormalit~ at this lim!.' would hl' 
premature. \\'e must cnnfme our constderatiun. 
tlwrrfore. to tht' growth and morpholog\ of sdero-
derma fibroblasts 111 l'ttlture. 
Morpholog\ can he uti lized dingnost icalh to 
differentiate a normal cell from an abnormal cell. 
The morphologH' changes of th£' scleroderma fibrn-
blnst oh:,ened with different mt>dia ar<• a dirl.'ct 
rel1ection ot the• n•ll 's overall phy,..tnlu~n. Attach-
ment lo lhc· <'ulturt' dish !plating c•fhttl'IH'Yl. cell 
mll{Tation <c·onfhtl'JH'e). and linalh cell growlh 
(population doubling llml'l ure regulated h' t hl' 
('(•ll's environment llnder subnpt i mal growl h con -
ditions. therefor!.', it is almost prNiiC'lablt• that t'l'll 
linl's will exhthit ahnormalchnrad<•nstit•s. 
Thl' basic merl1um used durrng this "tudy \\Us 
dt•,eloped ll\ Eagle· IJ91 in l9fiH and has hE'en u,ed 
suC'ressfull) lor the long -tt>rm sur.t\al of mamma-
lian celb inc ult uri.' \\'hill' extenst\ e im{•sltgat ions 
of suc·h emtronment,tl f<H'tors us pH . tempera ture. 
essential and supplt·mC'nt IH\ metaholit t•s . nnd os-
nwttc· pressure !'or optimal mammalian cell growth 
hme hl'en reported (sl'e 1201 and [:!II lor re,ie\\) , 
\'a riation from thl' original Eaglr'... medium has 
lwen disttnguishecl h\' C'omple-.ity. In gl'rwral. It 
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appenr;. thnt the t\ pt• of cell and the patholo~\' of 
the t ts~ue> ;.ource of a <'ell lint' clt>t e>rmt ne 1 he <'Ult ure 
requirt•m£>nh. 
Throughout thi;. ~tud\, ~dt>roclt•rnul llhrohlasb 
havt• demonstrntNI culture requirem£>nh dlllcring 
from the control Jihrohlast culture,. Optimal 
growth rate~ \\llh Eaglt··,., :\1 E\1 \\l'rr oh~l'I'Hclonh 
\\llh elt>v;llt'd !:>t'rum lt•\cb. sugge>sttng that addJ-
twnal soun·t•s of either enrrg~. amt no ands. or 
serum hormonr~ n11gh1 he requir£>d bv t lwsc cells 
for prollferat ion. \ \ h1k> the <'ompl£>\ relat 1onsh1p 
het\\et·n cellmufttpltcatlon and st•rumcompunent,., 
has been well doeumentt•d ~~~ ~.ij. the nH•chant,.,m 
h~ which thi,., rela1 ionship i, n•gtlina•d is still un 
known. Tt•min and c·o·wnrker,., l~.i ~71 in rt•ft>rring 
to the n·~'l.liator~ aetint\ of s('ntm haq,• dt•lincd a 
multtpiJcatton -~timulating m·tt\lt\ t:\ IS/\) \d111·h 
enahle-. stutionnn pha,.,c• C 1 crlls to "YnlllC':-.ill• 
D:\!A. Both animal et'll~ [~!'[and plnnt n•ll~ [:2~11 
c·uhurNI 111 mrdia lack111g r-.,.,t>ntinl metaholltr-. 
C'£>a,.;e proiJlt•rat mg \\ith cells;HTUIIHdrlltng 111 rtther 
th(' (; 1 or(; , :-tag<·~ of the ('(•II t'Hie Aftl•r optimal 
tonditioth haH· ht•t•n restored. the C'elb rt•initiate 
I hl'ir n•ll t'\Tie I ran~ it ions. C:autscht and a"'~od­
nt<>s' [:!OJ t>lc•gant "'tudit•,.. nl the c•lft•t·t of -.uhoptl· 
mal culturing t·ondttl<>lb. 1ndud111g redlJlt•cl ~c·ntm 
ll•,eb. on mammalian n•ll eli\ 1-.1on rn·lt•>- dl'mon-
struu> thn t most lat·tor-. rel'ponsthl(' for ,..uhopti-
mal eultun· rundttJon-. result in an l'longatt•d (; 1 
phase. Prl' l11n111a n rt•su I h .,uggc•st t ha 1 1 he• (; 1 
stage of >-dernderm<l lthrohlast,., c·tdturcd in Eagle·.,. 
ME;\1 \lithout elt'\lltNI serum It•\('}.., I" iJHT<'<lsed 
:l to I fold mt•r control rultun·"'· l•'unhernHlrC•. the 
I hr trlltated thymtdme lnhPI111g indpx lor ~l'lero­
dt•rma rultures is l'lllhtdPrahl~ lm~t• r th<tn lor l'on-
lrol rultun•s ! 1~· ,.,., 'l.i', I dunng the expluH'ntwl 
phn:-.e of g rm1 th ( Kovm·s. unpublished ohst•n·a-
ttnn). Thts sugge>-h that etlhc•r f(>wer t·c·ll"' are 
dt\lding or that the• t'l' ll en·ll• .,., prolong('(! It ap-
p!'ar,.; that the r£>sponsc• In sdc•rodt·rma fihrohlasls 
to ~ubop11mal grm1th l'onditton,., purnllels thnl re 
port£>d for other mnmmalmn c·rll luw-.. 
From tht,.. ,tuch. IH' an• unahll• to establish the 
role that c•IP\ a led ,.,erum le' r(,., pl1w in r£>turn111g 
the l->t'lt·rodt·rma lthrohlast to opttmal growth 111 
gngl£>·,., l\1 E!\1. HmiC'It'l'. tht• ahilil\ to htahlish 
optimal gnmth rates with Ham\ Fl ~ lllllrtPnl 
mixtun• ~uggcsh that. I II the -.erum prohahl~ 
ser\es <h a -.oun·e of adc!Jtional nut rienh ratlwr 
than of n .,erum hormone or gro\\lh fac·tor. and I~ I 
that tht• scleroderma rihrobl;hl npparcntl~ ha,., 
suhtle metabolic requiremenh chflenng from the 
t•omrol -.kill lthrohlast LeHm [.'l I hn-. reportl'<lthat 
sderodt·rnw fibrohla"t" rultun•d in an ennehed 
medium (('l\1HL liXifil nppearecl to g-rm\ morE' 
~low!~ than c·ontroll'ibroblnst:-.. HP~t· nation-.-.tem ­
ing from ~tudw-. of th1" natur<· ct-nter around 
\\hether tlw l1brohl<t~h mtg-ralmg from the "'rl<-ru-
dt•rnut pluqltt• nrr <'' t•r t·om pam hiE' to lthrobla,.,t:. 
from coni rol ~kin. The nnswer to ,.,m·h rt'st'l'\'ations 
nnt:-t awatt further im£>>-ltgalion. C'ollt•c·tiH•h. 
thr>-e ,..tudws .,Lrl's" tlw tmportann• of n•gulattng 
the ph,,~iologil' stat<• of the mdJ\iclunl rulture!'i 
c•mplmed 111 romparati\l• ~tudtes ol cellular me· 
taholt,.,m For thi~ re;hon. 1\C hc!\t' initiated <1 sent·~ 
of E'xperinwnh de,.,igned to stud~ thE' eflet·t of 
suhopt i mal and optimal cultur<' <'ondiuons on 
metabolic and hio,..yntht•tir proce!-sc•s indudinl( the 
>-\nlhesJ-. of rolhtgt•n and ghToprott·tn 
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